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Breach of gastrointestinal (GI) tract wall can be due to pep-
tic ulcer disease, inflammatory disease, blunt or penetrat-
ing trauma, iatrogenic factors, a foreign body or a neo-
plasm.1–7 It is important to identify the presence, location,
and cause of the perforation correctly for appropriate man-
agement and surgical planning. The clinical diagnosis of
the site of GI tract perforation is difficult as the symptoms
may be non-specific.

The presence of free intraperitoneal gas on a routine radi-
ograph usually indicates bowel perforation. Experimental
studies8 have shown that as little as 1 ml of gas can be detect-
ed below the right hemidiaphragm on properly exposed erect
chest radiographs. Despite being the first line of investigation,
plain film radiography (erect chest and abdominal radi-
ographs) is sensitive in only 50–70% of cases9–12 and the site of
perforation is almost never elucidated. A left lateral decubitus
film can also be used in the detection of small amounts of free
air that may be interposed between the free edge of the liver
and the lateral wall of the peritoneal cavity. When interpreting
a right lateral decubitus, gas within the stomach or colon may
obscure small amounts of free air.

Other modalities include ultrasound which may be par-
ticularly useful in patient groups where radiation burden
should be limited notably children and pregnant women.

However, it should not be considered definitive in excluding
a pneumoperitoneum.13

Computed tomography (CT) is useful in detecting extralumi-
nal gas.2,14–17 Multi-detector CT (MDCT) is superior to single hel-
ical or conventional CT as it is able to provide rapid, high-vol-
ume coverage and diagnostic images even in patients unable to
perform prolonged breath holds.18,19 A study of MDCT showed
86% accuracy in predicting the site of perforation.20

We aim to review and illustrate the salient features of
various GI tract perforations.

Subjects and Methods

A MEDLINE and PubMed search was performed for jour-
nals before June 2009 with MeSH major terms ‘radiograph’,
‘CT’ and ‘perforation’. Non-English speaking literature was
excluded.

Reults

Radiological anatomy
The peritoneal cavity is divided into supra- and inframesocol-
ic compartments by the transverse mesocolon and this distinc-
tion can be useful in radiological differentiation of upper and
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ABSTRACT

INTRODUCTION Gastrointestinal (GI) perforation is a common surgical presentation. In recent years, computed tomography (CT)
has been shown to be accurate for predicting the site of GI perforation, and has become the investigation of choice. However
the signs may be subtle or only indirectly related to the site or aetiology of perforation.
SUBJECTS AND METHODS A MEDLINE and PubMed search was performed for journals before June 2009 with MeSH major
terms ‘CT’ and ‘perforation’. Non-English speaking literature was excluded.
RESULTS Examples of GI perforation of various aetiologies are reviewed (inflammatory, neoplastic, traumatic and iatrogenic)
high-lighting characteristic CT appearances as well as pitfalls in diagnosis. Features of perforation include the presence of free
gas or fluid within the supra- and/or inframesocolic compartments, segmental bowel wall thickening, bowel wall discontinuity,
stranding of the mesenteric fat and abscess formation.
CONCLUSIONS These differentiating features facilitate accurate multidisciplinary pre-operative evaluation, necessary to plan
patient management and potential surgical approach.
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lower GI perforations. On CT, the transversemesocolon is iden-
tified as the fatty plane extending from the pancreas, particular-
ly at the level of uncinate process, to the transverse colon and
has the middle colic vessels coursing through it.21

Subsequently, upper GI tract perforation (stomach or
duodenal bulb) would result in supramesocolic compart-
ment gas and distal small and large bowel perforation in
inframesocolic compartment gas.

Sections of the GI tract, such as stomach, first part of
duodenum (5 cm), jejunum, ileum, caecum, appendix,
transverse colon, sigmoid colon and upper third rectum are
found within the peritoneal cavity, and are usually mobile.

The second and third parts of the duodenum, ascending
and descending colon and middle third of rectum are
retroperitoneal and fixed; therefore, they may present with
gas within the retroperitoneal compartment, usually the
anterior pararenal space.

Radiological free gas signs
Various radiological descriptions are used for specific distri-
bution of free intraperitoneal gas. For example, on plain
radiography there is the Rigler sign (gas outlining both
sides of the bowel), football sign (oval shaped peritoneal
gas), increased lucency in the right upper quadrant (gas
accumulating anterior to the liver) and triangle sign (trian-
gular gas pocket between three loops of bowel).

Likewise on CT, free gas may be seen outlining the intra-
hepatic fissure and ligamentum teres, called the ‘ligamentum
teres sign’, often due to perforation of the duodenal bulb or
stomach.11,12 The periportal free gas sign (PPFG; Fig. 1), when
present, strongly suggests upper GI tract perforation.22

Another sign, ‘falciform ligament sign’ (Fig. 2) is free gas
or a gas–fluid level crossing the mid-line and accentuating
the falciform ligament, which is seen more in perforation of
the proximal GI tract (stomach, duodenum, jejunum, and
ileum).14

Gastro-oesophageal junction
The causes of perforation near the gastro-oesophageal
junction (GOJ) can be spontaneous, inflammatory (peptic

Figure 3 A case of presumed perforation of the oesophagus: CT
shows gas within the mediastinum (thick white arrow) and subcuta-
neous tissues on the left side of thorax (thin white arrow). The exact
site of perforation was not demonstrated.

Figure 2 A case of large bowel perforation: CT shows free gas cross-
ing the midline, which outlines and accentuates the falciform liga-
ment (white arrow) and produces the falciform ligament sign.
Distended loops of transverse colon are also visible, which extend
to an obstructing distal descending colon tumour.

Figure 1 CT scan showing ligamentum teres sign (white arrow) –
free gas confined in the intra-hepatic fissure or ligamentum teres –
and periportal free gas (PPFG) sign (black arrow) with gas tracking
posterior to the main portal vein. Both are seen in a case of upper
GI perforation.
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ulcer disease), neoplastic, iatrogenic, traumatic or related
to a foreign body.

Spontaneous idiopathic oesophageal perforation also
known as ‘Boerhaave syndrome’,23 usually occurs on the left
side of distal oesophagus just above the GOJ as this site is
not protected by supporting mediastinal structures. The
patients are extremely ill with sepsis, mediastinitis and
shock following an episode of severe retching. CT is useful
to determine the extent of extraluminal collection of fluid
and gas in the neck and mediastinum (Fig. 3), but may not
be able to determine the site of perforation.24

Iatrogenic perforation due to endoscopy occurs in
approximately 1 in 3000 procedures usually affecting the
cervical oesophagus or hypopharynx. Lower oesophageal
perforations can occur (Fig. 4), usually related to interven-
tion, a stricture or diverticulum.

Gastroduodenal
Gastroduodenal perforation commonly occurs with peptic
ulcer disease, neoplasia and postoperative anastomotic
leaks. Penetrating ulcers of the anterior wall of the stomach
or duodenummay perforate directly into the peritoneal cav-
ity, whereas posterior stomach or duodenal ulcers often
cause a walled-off or confined perforation. Duodenal ulcers
are often located on the anterior bulb of the duodenum and
are, therefore, a common cause of peritonitis. Studies using
a water-soluble contrast agent may demonstrate extralumi-
nal contrast material leakage as a direct sign of bowel per-
foration. However, the reported sensitivity of extravasation
of oral contrast material on plain radiography varies from
19–42%.25

In a series of thin section spiral CTs in 10 patients with
acute gastroduodenal peptic ulcer perforation, two impor-
tant CT findings were indicative of the site of perforation –
discontinuity in the gastroduodenal wall and/or tiny gas
bubbles in close proximity to the bowel wall. This was in
addition to evidence of wall thickening, enhancement and
perigastroduodenal inflammatory change.3

It is possible, as a result of the anatomical relationship
between the portal tract and the gastric antrum or duodenal
bulb, that in upper GI tract perforations, free gas accumu-
lates more frequently around the portal tract. This gives the
peri-portal free gas sign (PPFG), which is considered the
most significant finding in distinguishing upper from lower
GI tract perforation.22

Other studies demonstrate that distribution of gas within
the peritoneum is not very specific for the site of perfora-
tion. Indirect signs like perigastroduodenal fluid, stranding
and gas bubbles in close proximity to the wall were consid-
ered more useful signs. Indeed, fluid between duodenum
and pancreatic head is strongly associated with local perfo-
ration (Fig. 5).

Small bowel
Small bowel perforation is due to obstruction, inflammatory
conditions, ischaemia, infarction, trauma, neoplasia or can
be iatrogenic.

The most common CT findings in small bowel perfora-
tion secondary to obstruction are hyperaemic bowel wall
thickening, ascites and extraluminal gas or contrast medi-
um. The absence of pneumoperitoneum does not exclude
perforation of dilated fluid filled small bowel loops (Fig. 6).

Figure 5 A case of duodenal perforation: CT shows there is a small
amount of supramesocolic free gas (arrow) and periduodenal free
fluid (curved arrow), associated with duodenal wall thickening and
mesenteric stranding.

Figure 4 A case of gastro-oesophageal perforation following com-
plicated endoscopy: CT shows extraluminal gas located adjacent to
the site of oesophageal perforation and there is a defect in the
oesophageal wall (white arrow). There are associated bibasal effu-
sions and collapse/consolidation.
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Even a small amount of peritoneal fluid may be the only
sign indicating intestinal perforation.4

Acute inflammatory aetiologies, like Crohn’s disease or
diverticulitis, may lead to perforation with peritonitis or
walled-off perforation with abscess formation.
Inflammatory stranding in the small bowel mesentery adja-
cent to a thick-walled segment of bowel is not specific for
perforation in patients with Crohn’s disease.26 Diverticulitis
affects 20% of those with Meckel’s diverticulum, and may
be associated with intestinal obstruction. Perforated

Meckel’s diverticulum is rare but should be considered in
cases presenting with supra- or inframesocolic gas, hyper-
aemic bowel wall thickening and mesenteric oedema (Fig.
7), albeit often indistinguishable from other causes of small
bowel perforation.

Jejunal diverticulitis is an even rarer cause of perfora-
tion and MDCTmay reveal a focal area of asymmetric small
bowel wall thickening at the site of a focal out-pouching on
the mesenteric side of the bowel.27

Blunt abdominal trauma may result in intestinal perfora-
tion. Shearing from rapid deceleration injury may occur, for

Figure 9 A case of a perforated terminal ileum following ingestion
of a chicken bone (black arrow): CT shows a small bubble of extra-
luminal gas (white arrow) and surrounding inflammatory change
extending to the anterior abdominal wall. Note that there is no free
gas.

Figure 8 A case of perforation following blunt abdominal trauma:
CT shows jejunal perforation, with jejunal wall thickening and focal
fluid collection (white arrow) and mesenteric stranding (curved
arrow).

Figure 7 A case of perforated Meckel’s diverticulum: CT shows
thick-walled hyperaemic small bowel and mesenteric oedema
(arrow), in the region of the perforated diverticulum.

Figure 6 A case of small bowel obstruction: CT shows dilated loops
of obstructed small bowel secondary to volvulus. There is twisting
of the mesenteric vessels – the ‘whirl sign’ (white arrow). Free fluid
was present within the abdomen and pelvis without evidence of free
gas. Small bowel perforation was confirmed at surgery.
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example at the duodenojejunal flexure. CT findings (Fig. 8)
include bowel wall thickening, pneumatosis, free gas or a
focal fluid collection adjacent to an injured small bowel
loop.28

Intestinal perforation is rare (< 1%) after ingestion of a
foreign body. However, perforations tend to occur at nar-
rowed or angulated segments of bowel, most occurring
within the ileum. The CT findings (Fig. 9) include a focal
fluid collection adjacent to the injured bowel loop and bub-
bles of extraluminal gas.

Iatrogenic causes of small bowel injury can be related to
laparoscopic surgery,29 although may go unrecognised at
the time of the procedure, resulting in postoperative peri-
tonitis which may develop after the patient is discharged.
Interestingly, adhesions or a previous laparotomy may be
risk factors.

Small bowel is one of many sites susceptible to late-stage,
post-transplant, lymphoproliferative disorder (PTLD).
Jejunum ismost frequently affected andmay present with per-
foration as a consequence of neoplastic infiltration.30

Appendix
Appendiceal perforation is mostly associated with underly-
ing inflammation of the appendix. Perforated acute appen-
dicitis may produce phlegmon31,32 and there may be associ-
ated wall thickening and abscess formation (Fig. 10).
Recognition of the swollen appendix with peri-appendiceal
infiltration, ascites, abscess and appendicolith, if present,
enable the diagnosis of appendiceal rupture to be made
with confidence.

Colonic perforation
Colonic perforation is a life-threatening condition requiring
early recognition and treatment. Perforations can occur at
the site of a localised pathological process (such as diverti-
culitis, a neoplasm, a foreign body, or an iatrogenic cause)
or within the proximal large bowel, usually caecum, sec-
ondary to distal colonic obstruction.

Colonic perforation, like gastroduodenal perforation,
can appear as massive pneumoperitoneum with free gas
throughout the abdomen and pelvis. If free gas is present
only in the pelvis, the colon, and not small bowel, is the
usual site of perforation. The reverse is true for suprameso-
colic free gas. However, exceptions occur, as sigmoid perfo-
rations may have free gas only in the supramesocolic com-
partment, in which case focal signs such as wall thickening
and peri-colonic stranding may be the only signs pointing
towards the site of perforation (Fig. 11). Other CT findings
observed in colonic perforation are of a complex mass,
inflammatory change, an extraluminal fluid collection, and
bowel wall thickening around the perforation site.2,33

Occasionally, a sigmoid diverticulum can perforate into the
mesosigmoid, with gas tracking into the retroperitoneum.

Free retroperitoneal gas, often in the anterior pararenal space,
may also be caused by colonoscopic perforations of the poste-
rior walls of the sigmoid, ascending and descending colon.
Presentation is delayed unlike in intraperitoneal colonoscopic
perforations where there is massive pneumoperitoneum due
to procedural gas insufflation. These iatrogenic perforations
occur in approximately 1 in 1000 patients. The rate of occur-
rence of symptomatic luminal perforation in CT colonography
is four times lower than for colonoscopy.34

Recently, the distinction between benign pneumatosis
and perforation has been clarified with CT colonography.

Figure 11 A case of perforated diverticulitis. CT shows bowel wall
thickening within the sigmoid colon with pericolic inflammatory
change (white arrow).

Figure 10 A case of appendiceal perforation: CT shows a right iliac
fossa peri-appendiceal abscess (white arrow) surrounding a perfo-
rated appendix. No free gas was apparent.
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Pneumatosis (gas contained within the bowel wall) is gen-
erally a self-limiting process, has usually resulted from the
use of automated carbon dioxide insufflation and has a
right-sided colonic distribution.35 Transmural perforation
results in free peritoneal or retroperitoneal gas, although
this is also usually indolent or asymptomatic; only 1 in 9
cases required surgical treatment.34 It is likely that similar
cases of subclinical perforation occur following optical
colonoscopy.36

Colonic carcinoma results in diffuse or focal bowel wall
thickening and pericolonic stranding. Once tumour invades
the serosal fat, there is increased possibility of perforation
with abscess formation and gas leak (Fig. 12).

Anorectal
The perforation of the extraperitoneal portion of rectum
and anal canal is most commonly seen following trauma or
surgery (anastomotic breakdown). Extraperitoneal emphy-
sema is a rare clinical finding with anorectum perforation.37

History usually indicates the site of perforation. Cross-sec-
tional imaging evaluates the extent of injury and the
involvement of the sphincter, which determines the man-
agement.38 Sphincter anatomy is particularly well delineat-
ed at MRI scan.

Conclusions

CT precisely determines the presence of free intra-abdomi-
nal gas, although the CT signs of perforation may be subtle
and only indirectly related to the source. Findings such as a
focal defect in the bowel wall, segmental bowel-wall thick-
ening and concentrated bubbles of extraluminal gas in
close proximity to the bowel wall have a high predictive

value for indicating the site of perforation. A multidiscipli-
nary approach to the evaluation of these acutely ill patients
ensures early diagnosis and timely management.
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Readers’ survey
In late 2009, the Annals surveyed its readers’ opinions on our content. The online survey required some motivation to complete
(log on to the College website) and a large majority of readers seem to be satisfied with the current format (at least they were not
moved to say otherwise!). The responses we received were encouraging: most were positive, indeed 25% of free-text responses
were along the lines of ‘I like it as it is’. The most favoured content was Controversial Topics closely followed by Research papers
and the Technical Section, then Reviews. Internet Viewings and Book Reviews found least support, but we had a hiatus in publi-
cation of the latter after the sad loss of John Lowry which may have contributed to the low rating. Online FastTrack and Case
Reports were of interest to a minority of readers; we hope that interest will grow.

Nearly 80% of respondents browse or read newly published issues of both the Annals and Bulletin, and 65% claimed to do
so for leisure. Two-thirds of respondents indicated using print to read in detail articles they were previously aware of, compared
with one-third using the online resource.

Free-text comments included pleas from several specialties (otolaryngology, neurosurgery, urology) for more research papers in
their area. The Editor would like to publish such papers, but can only accept what has been submitted. The remedy lies with you
and your colleagues!

Colin D Johnson
Editor-in-Chief

E: C.D.Johnson@soton.ac.uk


